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5.	 Summary			 (a) Understanding	Threats	and	Challenges	to	Ecosystems		To	date,	climate	change	has	had	a	relatively	modest	effect	on	ecosystems	and	biodiversity,	compared	to	direct	anthropogenic	actions	such	as	overharvesting	and	land	use	change	resulting	in	habitat	loss.	This	relative	importance	is	already	changing,	and	the	negative	ecological	impacts	of	climate	change	are	becoming	more	apparent	and	very	likely	to	intensify	over	coming	decades	[e.g.,	7,	8,	9].	On	land,	climate	change	is	increasing	precipitation	variability	and	the	probability	of	extreme	dry	and	wet	events,	and	long-term	warming	and	increasing	atmospheric	water	deficits	are	increasing	physiological	and	hydrological	stress	and	ecosystem	flammability.	In	the	ocean,	an	increased	occurrence	of	heat	waves	and	long-term	trends	of	acidification	increase	physiological	stress	on	many	organisms	and	ecosystems.	Interaction	of	other	anthropogenic	stressors	such	as	defaunation,	overfishing,	invasive	species,	fragmentation	and	direct	habitat	degradation	tend	to	amplify	the	sensitivity	of	ecosystems	to	climate	change.	It	is	extremely	challenging	to	predict	the	patterns	and	probabilities	of	biodiversity	loss,	both	from	the	subtle	effects	on	
  






ecosystems.	In	terms	of	environmental	economics,	there	is	need	to	understand	the	costs	and	benefits	of	any	intervention,	and	how	those	costs	and	benefits	are	distributed	across	society.	In	terms	of	political	ecology,	there	is	a	need	to	understand	the	power	relations	involved	and	how	effective	the	catalysts	that	produce	positive	changes	in	behaviour	and	policy	are	likely	to	be,	and	how	socially	just	management	solutions	can	be	designed	and	implemented.		We	identify	a	number	of	priorities	for	natural	and	social	scientists:	1.		 More	effectively	communicate	the	evidence	base	that	already	exists	so	that	scientific	knowledge	is	communicated	to	decision	makers	and	other	stakeholders	in	constructive,	useful	ways	that	can	generate	political	will	as	well	as	inform	actions.		2.		 Identify	and	address	the	key	yet	tractable	knowledge	gaps	in	ecosystem	science.	Many	aspects	of	complex	ecological	systems	will	remain	intractable	for	timescales	longer	than	the	timescales	available	to	implement	evidence-based	solutions.	3.		 Identify	how	key	elements	of	the	complexity	that	enhance	resilience	and	adaptation	can	be	supported	and	propagated.	4.		 Identify	where	there	are	synergies	and	trade-offs.	Interventions	that	maximise	synergies	between	different	ecosystem	services	are	crucial	for	solutions	which	have	any	prospect	of	scalability.	5.		 Implement	and/or	maintain	long-term	monitoring,	which	is	the	only	way	to	fully	understand	trajectories	in	complex	contexts	and	evaluate	the	success	of	management	interventions.	Climate	change	is	ongoing,	and	within	the	next	few	decades,	societies	and	ecosystems	will	either	be	committed	to	a	substantially	warmer	world	or	major	actions	will	have	been	taken	to	limit	warming.	Ecosystems	play	a	major	role	in	both	of	these	scenarios.	Extensive	and	connected	ecosystems,	species	diversity	and	genetic	diversity,	trophic	intactness	and	habitat	heterogeneity,	can	buffer	the	impacts	of	climate	change.	Nature-based	solutions,	such	as	ecosystem	management	and	restoration,	can	play	an	important	role	in	climate	change	mitigation	and	societal	adaptation,	but	will	only	provide	benefits	if	deployed	in	conjunction	with	reduction	in	fossil	fuel	emissions.		At	some	point	this	century,	as	human	civilization	faces	the	decarbonization	challenge,	global	atmospheric	greenhouse	gas	concentrations	are	likely	to	stabilize,	and	global	temperatures	to	peak.	Judicious	protection	and	restoration	of	ecosystems	will	have	played	a	significant	role	in	that	stabilization,	and	will	continue	to	play	a	role	in	the	subsequent	cool-down.	The	climate	change	that	will	already	have	occurred	will	inevitably	have	led	to	some	ecosystem	degradation	and	biodiversity	loss.	But	in	a	world	where	nature-based	solutions	have	been	implemented	at	scale,	ecosystems	that	are	intact,	extensive	and	connected	have	a	much	better	chance	of	adapting	and	thriving	in	this	new	climate	regime,	and	thereby	of	contributing	to	a	vibrant	and	resilient	biosphere	that	is	needed	for	its	own	sake	and	for	providing	the	fabric	within	which	human	societies	exist	and	thrive. 		REFERENCES	
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